Abstract. In order to improve the fishhook tying efficiency for enterprises and fishing hobbyists, in this paper, an automatic fishhook tying device is designed. The shell and the key clamping part of the device is carefully designed with consideration of human factors engineering, presented by 3D design software Solidworks and manufactured by 3D printing machine. The control system of the device is based on the 51 series MCU, main program functions include: speed control and adjustment, laps control and adjustment, fine-tuning and reverse or untying are designed and debugged based on a 51 MCU developing board. Experiments show that the control system can work well and realize all the functions.
Introduction
At present, fishing hooks are tied mostly by manual, or semi-automated way which need to calculate number of laps needed by operators. It is a time consuming as well as skillful work for most enterprises and fishing hobbyists. So the tying quality and efficiency cannot be guaranteed. What's more, the semi-automated device in markets also are not optimized in appearance and not always easy to hold and operate. For example, because of its limited design in the shell shape of the device, operators can only use right hand to operate the device. In order to solve these problems, in this paper, we improved the design of the shell and key parts of the device to support both the right and left hands to operate the device, and also strengthen the automatic control function of the device to support automated operation of the device to enlarge the applicable population. We use the 51 series micro-controller to achieve the automatic control of the machine, selected a stepper motor as the power resource, which can be precisely controlled by the 51 series micro-computer. We have an adjustable number of fishhook tying laps to meet the various types of fishhooks, and add a fine-tuning function to meet more particular application instances, for example, when the device meet an unexpected operation error, users correct the error by using fine-tuning function.
The Design of the Shell and Main Part of the Device
Compared to traditional fishhook tying devices on the market, the new automatic fishhook tying device utilizes 51 series micro-computer to achieve the automatic functions of the device. The main structure of the device as shown in Fig. 1 consists of a shell, a control component, a drive component, a clamping component and a power supplier component. According to the easy-to-operate principle, we redesigned and optimized the shape of the shell. Based on the principle of the modern design which focuses the functionality, adopts as easy as well shape of the shell without redundant decorations, The shell of the device is designed as shown in Fig.  2 . In order to make both the user's left and right hands can operate the device, we carefully design the shape of the device under the considering of the comfort of the operation by both hands.
In order to manufacture, the device is divided into an upper and a lower part. The upper part mainly has several control keys and a monitor screen, the lower part of the device contains the other components. The two parts are designed symmetrically, which makes the device easy to use by both hands. We also use an anti-skidding design, the whole machine is streamlined, which not only increases the overall aesthetic quality, but also makes the device easy to pick up. According to the Chinese adult body data (GB 10000-1988), the adult males (18 to 60 years) on the fifth percentile the hand length is 170mm, and the corresponding hand width is 76mm, as for adult females (18 to 55 years old) of the fifth percentile, the hand length is 159mm, and the corresponding hand width is 70mm. The size of the device's shape is designed within 145*65*20mm. The key part of the device is the clamping component which is used to fix the fishhook, the structure of this component is shown in Fig. 3 . The red circle mark in the figure shows where the fishhook would be fixed at. In this component, two steel sheets are used to fix the fishhook by control the relative position of them and the spring force between them.
In order to realize automatic control of the device, we choose stepper motors with screw driver transmission which can reduce the working vibration, and increase the transmission steadiness of the device. Due to its easiness to be realized by a mechanical way, and its high quality of fishhook tying work, the fishhook tying working principle we adopt in this device is shown as Fig. 4 . 
The Design of the Control System System Structure
The program of the control system consists of multiple functions, including key scans, such as auto tying, fine-tuning, speed switch and laps adjustment, and monitor as shown in Fig. 5 , all these functions are triggered by the corresponding key scan program, only when the user presses a key button, the corresponding function is triggered to start working. 
Key Scan
When a key button is pressed, the program passes the corresponding signal to the main program to implement the corresponding function, the key scan function is programmed as shown in Fig. 6 . Due to the high sensitivity of electronic components, a delay function as shown in Fig. 7 is needed to make sure that the key scan program would receive accurate signals.
Auto Tying
In order to ensure that the number of laps per turn is an integer, a stepper motor is selected in the device. When the main function receives the signal transmitted by the key scan program, the number of laps of the stepper motor which is determined according to the stepping motor step angle should be set, then the delay function should be called to control the motor speed.
Fine-tuning
When the device cannot operate in a normal mode, for example, due to prolonged rotation's affection, or other operational mistakes, users can use this function to correct the error.
Reverse
When the device is stuck or have other unpredictable mistakes, users can reverse the motor by this function.
Lap adjustment
Different fishhooks and different users have different requirements for the device, the number of laps can be adjusted to meet most of the needs. The lap adjustment function as shown in Fig. 9 enables users to manually control the stepper motor to move particular angles to make the device to tying specified laps each times. The default number of laps is 3, the adjustment range is 1-9. By controlling the number of signals to achieve the purpose of controlling the number of laps.
Speed Switch
We set up three work speeds to meet the enterprises, fishing hobbyists and other groups' needs, according to the different using circumstances. The default speed of the machine is high speed, using the monitor screen as the current speed indicator. Using the delay function, by controlling the speed of the stepper motor signal to achieve the switch of the speeds of the stepper motor. 
Tests of the Program
In order to verify the feasibility and stability of the program function, we run many experiments on the basis of a micro controller developing board, some of the testing result is shown in the Fig. 9 . 
Summary
The application of the small automatic fishhook tying device designed in this paper is hoped to speed up the production efficiency, ensure product quality, and also make the work of tying a fishhook simple. The advantages of it is simple in structure, small sized, light weighted, low cost and able to complete the work easily and efficiently.
